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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To restrain impurity 
elements from being thermally diffused into a channel 
region under a gate electrode from a drain region, by a 
method wherein a second diffusion region that forms a 
drain region and a third diffusion region that forms a 
source line are formed at the same time after a first 
region that forms a source region is formed. 
SOLUTION: Ions are implanted into the surface of an Si 
substrate 31 exposed through a groove 34A and further 
thermally diffused to form an N+-type diffusion region 
31 D as a source line in the substrate 31 to connect an 
adjacent memory cell transistor N+- type diffusion region 
31 C in the direction in which a control electrode pattern 
37 extends. At the same time, an N+-type diffusion 
region 31 B is formed in the Si substrate 31 on the other 
side of the control electrode 37 corresponding to a drain 
region. The diffusion regions 31 B and 31 D are formed as 
doped with As at the same time, so that no impurity 
element is furthermore thermally diffused after the drain 
region 31 B is formed, and the drain region 31 B hardly penetrates into a channel region under an 
electrode pattern 35. 
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£ tuzwmmm t x v * s y- h «it 

IS 1 <Dfcgc««KPMg LTfB 3 cD&ftfg«£l?/£1-5X 
SfJlE^2ro^^-^AXSi#IiEm3cD-r^->'aAXS 20 

t\t, mmzmnztizz b^w.b-r^mwmm.<r> 

t!t#JS3] BtIIE^2O-r^-vaAXSi:mIiE^3C0 
5 r b b -TZ 1 £ /t li 2 i2*t©¥^#S!s@ 

©ig^it. 30 

WIE* 1 0>*£tt**fc. ^4<©-<^-vaAXa^ff 
[f»#«6] HtIiB^l(D^^->aAXSi:tnSE^4(D 

-r^aAxa-tii. mt&vxnn tsr^mi 40 

[ft*£7] ifJlE^l(D-r^->aAXSli, fflBBXtt 

■r z> i~6©h. v >r*ta»-«E*tf>¥*#g 
sim-t-3 xai*, miiEStt®«ro 9 *>BfriEm 2 

ft fc.fctffifJE^-^KgHfcJm©? 



2 

[fS#JS9] 6fiESgl0M;*-vaAXa<O 
«, SfFfEfl&tt««^lcfcvxTgllES«*a5SrRaii-5X 

Jbfc*Mt6*lt«r#rii-*-* r t *«Mft 1 ~ 

iffegUBSi:, 

^*/w*fegt)K±jc^$ixfc7B— r-f >?mmt. (TO 

Uf££:Jv rtW<OiS5»«««iliiiE&»^®«<£Btffl- 

miiEffit4«^+ . snisy- h m@«i^<osfttEB 2 roiaijtc 

^2roS£t!c«iSEt. 
[0 0 0 1] 

tOY- H:7f-r^ >^mffi5r*U. tf^^^o-T 1 
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$ tufca^liffiE * y ir^ h 9 > i? * * <o^ ^ ^/^m 
mmzmm-tzz tizzy, mmy^-^^o^mmiz 

[0 0 0 2] 

[fi£*Ogffi] BIO (A) - (D) , Bll (A) - io 
(D),H12 (A)-(D),B13 (A) - 
(D) , HIl 4 (A) - (D) , HI 5 (A) - 
(D),B16 (A)-(D),B17 (A) - (D) 
*5<fctfiai 8 -(A) - (D) tt, Sf*ONORS77tx 

ojsiiftxssr^-r. fe^'u bio (a) - 
in i8 (a) te¥>mm$:, 010 (b) -mis (b) 
nmA-A y {cftt^tcffiffim*. 010 co - is 

(C) teiSlB-B* l:»ofe»iBBS:, JbCilO 

(D) -18 (D) ftmc-C J ^»ofeWrBH*r« 

to 20 

[0003] 010 (A) — (D) «r#JH-*-5lc. 
SiSfill ±fctt^y KIMbK 1 2 asJMMblc ± «9 1 
5-3 0nmOB^|:M^, £ b (C^cO_b^ S i N 
113^1 5 0-2 0 0 nm(Df JCM^TV^o 
jffiES i NBI1 3tt#«<0*^»(t««lC»ffibT3iy 

[0 0 0 4] JSfe(C, SUES i NRl 3*3<tl>V^5/ KIMt 
112(i^$ii, RffibfcS i Sfil lO^ICHC 30 
1 *^*5ttSJR»<k(-J: 5. 75r^y*yoh^ 
A-gHLJBtirftSS i 02 -Rl 2ASrMtfc«, Ell 1 

(A) - (D) ©IgCfcv ^TsK y V y a yRS:«a 

ft*12Aft«5, «fE?lf«07-f-/UK^bl«^^- 

[0 0 0 5] Jfct£|gi2 (A) — (D) <£>XglC:io^ 40 
T, fftEHl 1 (A) - (D) 0*it±*-, Vvb*$>SO 
NO*i6«:*U f$^ 7 ^i0nm(DT«'IiftI^ 
^0±(7)f $^1 0-1 5nm(OS iNl^, $ ??tw-t 

m*mm\^. <* t>icmmmm&mm±iz y mz&i 5 0 

-2 0 0 nm<Dft\<DtfV is V a^lBtf^ 5 ! 50-2 
0 0 nmOWS i mt X V *<5*#JK££ hKVm U 

IEirai6»JiOT^iSE^ » !) 3 - y 1 5 
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[o o o 6] in i 2 (a) - (d) raso/^-^> 
Hii (A) oy^-^KKftl/^-yi 
4{c^tT(c®?t-r ; 5^y v-y =» v**— >-i 5is<@*o 

ifc«»EJBIBIIftlWB!tt«rE*i*:^ 
^-^1 7 0T^»fr^-^l 7 iWTK®£U ffl 

Sr«5«IB»ai)!^^-vi 6Sr«j«i-5. 012 
(A) - (C) ic^Jiplc. «IE*^^->l 7li 
mE**^7-f-/uKH<kBI^^->l 4£13t#rLT5S 

fc, 012 (B) *5«fctf (D) J: >9 J: 5 ffllE 

7n-7^^1S^-yi 5 IIS i WSL1 lfrb h 

-yi 7^biiiB»6«R^^->i 6ici t)^S8^^r 

[0 0 0 7] 0 13 (A) - (D) (OXS*w*5V^ 

Si/^ h^-yi 8*5j:t5iWE»J#P«i^* — ^1 
mlES iSKl ltCSlEh^^ift 
S12A^UP + ^ AS«jWi4 0-6 0keV 

^jup^miE 1 1 o H c m-mm<o k-xt^ * ^sa 

U ^^i^^ffift^tT9r^(-i^, 014 (A) - 
(D) Olgt, #C114 (D) C^ti 3 fflrE 

siMiit, »»-t-5-*fo»j»m«^^->i 7 

cDPflfc, IMOn-iy-xfii lASr»*t5. 
013 (A) - (D) (DXHT'lL fflE^^^/V^^^ 

1 8T-{S»$;h/Cl^fctf>, 014 (A) - (D) OX 

[0 0 0 8] JfclC, 015 (A) - (D) (OXglCtel^ 
T, ItESfil flttEM»««^^-^l 7SrS 

ei^v7^HAs + £7)^tyaA4:, ffiEh^H 
{LMl 2A^ltMW^«4 0-6 0 k e VcDjtjQig 

SfcxaSrHtf-fSri:^*!?, «EKMvWl:»« 
Un + f«tf«l lB^Mt5 0 ffiE 

as + ^tvaA^i, «9En- my-xm&i 1 

AOft«!i:ffl(Dn*!a:WWl ic«^5 e ffi 
EJRItftxaott*, SUEn- ^V-^®*S1 1A, *5 
Wn + M®illB, 11CWU B15 (D)(C 

^ti7i^ mies issn*. 7*-T*>ymm 

15itTOtM(Sl:*t?«*t*. i1En + lK 
18c@i«cl IB, 11 C^Mt> SflESWtffil 7[cW 

[0 0 0 9] fc*!U 015 (A) - (D) OIST* 

tt, m&y-xmmi ia^^v^i icn taE»j^i 
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Sffi/<^-yi 7<Dm&lsfa±.X-$m-tz>v-?-<mmi 

i Afc-svMii i c*>?>7^-/u h'Wtmi 4 ict 9 m 

XbtiX&V. NOR17 7 y U 

&Kmi6 (A) ~ (D) oxsicjs^-c. Hi 5 
(A) ~ (D) ©flSit-tKHl 3 (A) ~ (D) ©It 

17 (A) ~ (D) ©XStcfev^T. ^fjlcmiEW^^. 
f^* — >-2 0*5±t>WPm<I^*-Vl 7©— SBSt^- 
x^|CmIfEgra«fei»mi 4<DgmSBSril^Wir K7-fx 
i/f>m: t(CJ: II 7 (A) S3 J: Of 17 
(C) l^ti?!:. t£»^«l 1 Cri^/fc^ix/by.^ 

]) 9 v -v* ? <d y-^m^mm-r s /• * y -t/u 

^y-^^roy-^i l ci^Ji«g$*?>»i 4 A 
«rD([8BJimil6aURl 4^lc^-f5„ ttriafttl 

4Aii, s i sra 1 1 (D&m&mm-rZo 

[0 0 10] $ P>tC. 018 (A) ~ (D) cDXSI-*5 
V^T. fJEitl 4AUU: !>«tti£;h,fcS i £« 1 lOi 

iCAs'O-f^yftAI;. A^(C|i4 0~6 0 k e V 
co*D^miE t ^ 1 0 is c K-XT-Hfr U B*&-t 

S^^-Pt/^^y-^^ron* Si£fcffi«i l CSrmj 

SB*]*!**'** — VI 7(DSfi*f6]l^igE-r-5n + HO 

tegcffi&i id^ *«i l+ic. y-^7-YyiU 

[ooii] $ <bu:m i 9 (a) ic^-tj; 5 (cm i 8 
(a) ~ (d) <^mm^ mmmmm 2 ixm^\ £ 
mnmmi&m 2 1 f icwe km vans®** 1 1 b & 

h/fc— /i/2 1 A&SJ65 J: Slctfy hi&BL-Sr 
Mt5Al/^-y2 2&, hiFI5®J^«111 7©IS 
*lRllcl»ieSJ-fSJ:5ti»J«U. *&fclffllBAl'<#- 
V2 2£giJ<oJiraifeigdBS2 3l:ii9«5„ frfrzmtiUz. 
i0> El 19 (B) ic^-r.£5ft, n-iy-^iSi 
1 A^ n - S!l£«5:^«i 1 Cfc,to'y-^7'fyi 1 d 
Uti*iIl:«$^M©7 7 ^ ->a ^ y 

[0 0 12] WM©7 7rya^!)m 5felC 
MftHLfciSI::. WEn* SttMMl 1 C^S i £ 

Si i^^yn—y-^ yytffi/<^-yi 5S:Ttf>^*£ 
y^8i'^-yi 5^"bsaiEn* st£«««i ic~ 

h v*/u|fcft:fll 1 2 ASriiji-t-5 hy*!iy^ 
1 lAttfilltOn-SttlWltCkSftft, £«1 1 

1 1 c«>?>7B-7^y^^-yi 5 ic*— /isfr 
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ifflE V^lgU 1 Bten* SI- K— ^Sii-CHSfc 
fiJE KM V^igcl 1 Bi£#lc*i»7 5*-;> h^U* 
Foy©MWfti:4^ iffficost^^icm^f- 
^7D-r-fy/iI/^-yi 5ic3M5#jicaA-f 3 

[0 0 13] 

R^^yya^^Um 'f^yttAIgi! 5 . 013 
(A) ~ (D) (DlStlll 5 (A) ~ (D) ©Ig, 
10 $5.1:018 (A) ~ (D) <DXS<DH-3[Hllc^fco-C 
ftfrtlZtZtb, Me&ftfi«l 1 AI4#IfE7o-^^ ^ 

1 1 Bt, (HI 5 (A) ~ (D) ©IStil 8 (D) 

~ (d) <Dj:m<D^2mct>ft^x^^>mA^xi/m 

[0 0 14] rrofcfe. WESSON ORS7 7 J/ 
•y^^l;-y 3 -hf-v^Ja*^4i:tt4 5t3-E-W ! 

*-ffi<Srii#t-t-sr tlw&5. 
[0 0 1 5 J 

40 Mi. Hfrteh v*/Kft««±fc#l*£rt.fc7«-'T->f V 

<D-r^->-aAIgSrfTV\ fgl©i£»®«c^figi-4I 
St, l»BE!Blo*£«tl«Sr*j«"*-*xao|ft. WE 7 
•<-^KM©^, WE^ 1 <D&ftfS«clc|?l|gH-3 

jga-fSXSt. mlEfiH4®i£<K WE^- h«it<Ote 
so «0{U(c^2<0^^-vi£AXSS-ffV\ ^2Oi£*0««r 
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«*«r»«i-*ia4:J:9*9» HUE* 2 (O^ * A 
xairffJEmSfTM^V&AXgih}:, I^N-llfrSix 

liflt*S2»::EttUfc.fc5fc, iWEfiKTM^v&Ax 
SilWEf^tfM^aAXgirte, l^-0#SS5rW 

5rt t -T 5 if ** 1 E«oi|t3K*:ig«<D»!ift* 
SKi*), £fci4IS#:iS 3 ICIE^LT!: £?(::, BfJEfS2 
cD-r^-^aAX^i:«tIlsm3(0-<^^aAXStli. PI 

*1 £fcf4 2E«©^##^gcoMit;£r)£lcJ;9, ifc 
tt»*«4»iE«bfcJ:5»-. WE* 1 ©-f * 

vaAIg^t^ tEI 1 <D*MMB*fc. f&4<Df 
ftAItlrff 5 r £ frtttt t -TSI**^ 2 * fctt 3 E« 

LfcJ;5K, iEl4ro-ftyaAIili. fflKJft 1 © 
-Y #^iiAXST-<0^if«^5c;Sl t itm^^^T^Tcm 
let 9*ff Sii^Si i:SrW*4:-f-5lt*a4E*o*» 

5K, fifJE^l©-r*>-ffiAXgtffjE^4ro^^-^a 

Ht»**7»cE«UfcJ:5^, flE^lO^Tf-vffiAX 
Si*, lfflE»R*ffi©3-&, iWEiB 2 ©ffi»««**»j« 

Etto^WftcScKoaiS^itctcj: 9, *Jtf4fit:£JS8 
E«LjtJ:5tc, iltfE«^**fc*svxTiffiE««*aH 
SrSm-T 5 1811. IMBiSttW*© 5 *>SfJEfg 2 ©fem 

5: fc&«F«ii-5fS?3ft«l~7<D5*>, v^-f*t*»-« 
E«©^^B©«!i^*fel-J:9, SfcliW** 9 
E*LfcJ:5»-. ££>K, HfJEJglcM^&AXS© 
ft. lWEett«l*^H-*sv^ri»E***ffi«:»Hii-5I 

±lcWffi*6IMI*»riJi-* w t 1 ~ 

7©?*>, v^ix«»— *Ett©¥*#*«©Sii*i6l=. 
it), £fci43t#:3gi 0»iE«Ufci9«c fll 
E*«-bfc*J*£*i, ««MH«4rBJ«i-*7-<-/uKie 

fflE^o-^-o^ffii^^^^SF^ilfe 
»JK£, MEJglBJI6»)e±»wJgfiK$^»J»Sffit ± 9 

&9, m»«©flffifl^fc*i«fMB»«R*r, sfc 

m 2 ©E*MB©*«iIi±fc* 2 o«)ttl6IHR«:&f«-t-% 
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r-hwrnmat. mtRi&3mm+* iWEy-hmffiflt 
it©«JiEsiofi!ii;^^ix, ?im<omm&mMkffi& 

jiftEsi£fitt+ , WEy-hm««jg©WE 

JB2©«lc»fi!t$ix. 1»E«1 

ft, mlES«^ffi^Sm^-^«lt. iWE»K±9Rm$ 
io iliRU-C»jA$H. iWEIISl:i3±iWS2 0tt1ft**i:ra 

-©^msj&w-t-siR 3 (o&wcmmt 

«lc*§v*-C. 1WEJB 2 i: SUE* 3 

**tfi £*«M*&-*-S¥ttfr£«lcJ: 9. *fcttHt# 
«1 llciE«LfcJ:5lc, fflEffi 2 ©*£Sraitt©$fcS8 
(4, «rE*2oaS**68«i:lWrESS2ro«fiBi:©niUc 

{&«■*-« r t JrtattsiM i oE«io*ai#sg« 

ICt 9, fl?8ii-5„ 
[f^ffl] #3g9§lc.fc*U4\ NORl77y^^DO 

»rit**KWEy-^9-f v&«/£-T5?g3©&f5:ffi«lc 

2 ©itiMH***. mrEig i 

iSXS»w*sitSJ:5»w, 5t«S*itfcKWy®« 
[0 0 16] 

i&monmntewn @i (a) ~ (d) , 12 (a) 

~ (D) , 03 (A) ~ (D) , EI4 (A) ~ (D) , 
tH5 (A) ~ (D) , 16 (A) ~ (D) , HI 7 (A) 
~ (D) , 118 (A) ~ (D) *5it>*H9 (A)'~ 
40 (D) 14, *^BJ©^lHiS^Jlci-2)NORSJy7->>' 
©SJiSXS5:^i-. fcfcfU HIl (A) ~H9 
(A) li^EHSr, HIl (B) ~H 9 (B) I4&A- 
A* li»ofc»rffiH*, HI (O ~9 (C) (4i^B- 
B' K»ofclWa5BI«r. SfeliHl (D) ~9 (D) (4 

[0 0 17] Bl (A) ~ (D) P SS 
i SIS 3 l_hKI4/<s/ K*fl:«3 2**«l8Mfc»c± 9 1 5 
~3 0 nm©f ZizMf&Ztl. £ hiZ^<D±iC S i NK 
3 3iU 5 0~2 0 0nmrof$i;M$nTV^. ffi 
50 ES i NJK3 3{4««©SB^I»««lC*f^LTiS'f L 
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%}tfi<D 7 -f -/U Ymtm^ * - 3 4 tWf& £ tlX V * 

[0 0 18] ifct^ gfliES i Ng3 3*5it>'^y KIMfc 
R3 2ttl»*£iV IfflLfcS iifi3 1©$EICHC 

/>!Efbii''i5Si02l3 2A5rKLfcS. 02 

(A) ~ (d) oxaic*sv^-rjKy 3>fflt**tfli 

[0 0 19] &t;:03 (A) ~ (D) tDXgdfc^T, 
fj|502 (A) ~ (D) (D«it±(C, V*^50NOi 
i£«r#U »$**7~1 OnmroT«*<kiti:» toi 
OJ?$*5 1 0~ 1 5 nm©S i NJKi, $ ^l^^rojb^ 

at. $ 5>twifflE»IBJ6IMH_hfc, ffiSaH&l 5 0~2 20 
0 0 nmOgiJ^Ttfy ->y ^ygif^! 1 5 0~2 0 0 

fflm&m<oT<o$a%z# y v- y =y/!?-y3 5 t 

®^|S]lcB&B:^-t-S^ft^^-V3 7 Sr. 77r>a 

[0 0 2 0] 03 (A) ~ (D) OIi©/^-=y^ 
0>8*, HI 2 (A) ©7^-;uK8»^-V3 4l: 

^^icsfi-rs^y ->y ny^?->3 5 whb 30 

V3 7©TSr*#^# — 7 fcspfrfcjgSEU I»K# 
mztilztf}) ->y = — ^<Z5±ffi:teJ;uq?53BE£:« 
51M»^-y3 6?rMt5. 03 (A) ~ 
(C) (c^-f-J: 5 tc, — 7liiWi3«» 

©7^-/uKeM'^-y3 4?riiUJIftU 7 
7r>a^T) ©!7— K«tit)SAtS. 03 

(B) (D) i ± 51-, WIE7n-x^ 
V^m^^-^3 5(iS i S*K3 1 *»P> h y*/i>m<t 
13 2AI;i£t?#fSi£4v 4fc«»«*^^->3 7*» 40 
<bJflf8*fei6§:J8l'<*->3 6 lei 9#|*<**vo*3. 

[0 0 2 1] ifcK, 04 (A) ~ (D) roXSKSsv^ 

t, -*tro©j^m«^^->3 7 <Dzti?tuof\-m¥tt 

?rl7J;7l;w^h^?-y3 8SrMU £e>lcijij 
lEUv 5 * h^-V3 8*3«tO'*}IE*iJj»*fil^^->3 
7£-^*:5Me ffifES iSS3 l4>lcmeh^/HMk 
13 2 A&fl-LTP* AS!Wtrii4 0~6 0 k e V 
WMiaiEi 1 015 C m-2SScO K-Xf-ftyftA 
U $^^^9 0 0° C-eSRttlRSrff iKJ; 9. 0 
5 (A) ~ (D) roigf. #IC0 5 (D) lC^fJ:5 so 
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->3 7cor B 1ir, <£»Aron- I7-^S«(3 1 AfcJg 
fifcl"*. 0 4 (A) ~ (D) OXST-li, »E77S'v' 
^^E-y-feA-h 7 

*-^3 8-e«a£*i>-C^-57t*, 05 (A) ~ (D) 

[0 0 2 2] 04 (A) ~ (D) *3<fcl>*05 

(A) ~ (D) ©IIT-li, BfJfEP'tfM tyftAIg 
As*©-ftyttAlr40~60keV(O 
SDJSmffii^l 0"cm-2ff)K-XiffTV\ ^900 
" CT?Jl&i£*«:fT3 r iKt 0. MIS05 (A) ~ 

(D) <£>XS4\ #1:10 5 (D) ICtSW-J; ptcMlES i 
S«3 1 fie, mJlEy-*ffi*£3 1 ACliUtn* £ 
3 1 C*m&tfrZ>. #II5&ftffi«3 1 C£7& 

«^3 1 A*3J:t>*n + S(DJ£®:«^3 1 Cliit^cL. V 
[0 0 2 3] JWe 06 (A) ~ (D) cDX@lC:te^T 

miEsy wra 3 7 \cwm.mtm 3 9 u &ic0 7 

(A) ~ (D) (DX^tCjo^T, 0 6 (A) ~ (D) <D 
«itJblw0 4 (A) ~ (D) ©Iifffiofc©i^ 
h^*— >-4 OSr^-TS. £kic08 (A) ~ 
(D) cDXgtr*5V>T, fjiSu^^. h/^-y4 Oisj; 

tfHPif^#-y3 7o-$i5^^x^ic:fliiisgra*feigt 

13 4 togttiffi&Sftttlw K7-(x5,fymril: 
it), 18 (A) *3io:8 (C) li^-TJ;5l-> tttttt 

«3i c«^fc^*!)t/H>7y^?oy-^ 

1 Cfcitt*<5F*aJ*3 4ASrfldtSSKiffeigyK3 4<fl-rT0 
^<^^, SflIEfll3 4Att, SiSi3 1©tI 

or^fc>tv, S iS*3 l©«E#»ltiLfcB#jft-(*e» 
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